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(54) Information recording apparatus 

(57) An information recording apparatus capable of 
forming a fine mark reliably and highly precisely through 
compensation for thermal interference and heat accu- 
mulation. The information recording apparatus is pro- 
vided with a recording energy irradiating unit (129) for 
generating at least two recording waveforms when 
marks of the same length or spaces of the same length 



in a channel data sequence are recorded. The informa- 
tion recording apparatus constructed as above can real- 
ize highly reliable recording/reproducing operations and 
can be made compact at a low cost with a large storage 
capacity. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an information 
recording apparatus, particularly an optical disk drive, 
which records data by applying energy to a recording 
medium to form thereon local physical changes of the 
medium. 

Description of the Related Art 

Optical disks currently prevailed are roughly divided 
into magneto-optical disks and phase change disks. In 
the case of magneto-optical disks, a mark of an inverted 
magnetic domain is formed oh a recording film by heat- 
ing the film, and in the case of phase change disks, a 
mark of an amorphous region is formed on a recording 
film by changing a cooling speed of the film under the 
control of an energy amount when it is heated. In order 
to increase a recording density of such optical disks, the 
size of a data carrying mark is reduced, or each change 
unit of the mark length and space length is made short 
to narrow a time interval between mark edge detections. 
In each of these methods, it is essential to form a mark 
at a high precision. It is very difficult, however, to stably 
and highly precisely form a fine mark about a half of a 
light spot diameter. This is because a fine mark is 
required to be formed on a recording film at an area 
having a gentle spatial temperature gradient of the film 
whose temperature is raised by a light spot, particularly 
at an area having the gentle spatial peak temperature 
gradient. If an effective recording sensitivity of a record- 
ing film varies, because of a change in the peak temper- 
ature at each mark caused by a change in a reoording 
film temperature before application of recording energy 
or by a change in the recording energy intensity, the 
mark shape is deformed greatly. In the case of an opti- 
cal disk of the type that the mark shape is controlled by 
a recording waveform, a peak temperature of a record- 
ing film is likely to fluctuate depending upon a recording 
pattern. A shortest approach to solving this problem is 
to use a light source of short wavelength laser to reduce 
the light spot diameter. However, wavelengths of current 
semiconductor laser diodes as typical laser light 
sources are still unsatisfactory in, order to meet the 
requirements of increasing a recording density. 

It is therefore necessary to select a recording wave- 
form hard to pose such problems, in order to reliably 
form a fine mark and perform highly reliable record- 
ing/reproducing. The problems associated with a 
recording waveform to be solved are the following two 
problems. The first problem is related to suppression of 
thermal crosstalk to uniformly form nearby marks inde- 
pendently from the interval therebetween. The second 
problem is related to a constant heat accumulation to 



uniformly form consecutive marks independently from 
their lengths. If the thermal crosstalk suppression and 
constant heat accumulation can be realized, edge shifts 
of a reproduction signal can be suppressed so that a 
5 mark edge recording method suitable for high linear 
recording density can be adopted. If constant heat 
accumulation can be realized, reproduced crosstalk can 
be made constant so that the track interval can be 
shortened and the recording area density can be 
w improved. 

In a first conventional technique of solving the 
above problems disclosed in JP-A-5-298737, the 
recording waveform corresponding to a mark forming 
period is constituted of a series of pulse trains corre- 
rs sponding to the lengths of marks in a channel data 
sequence. The number of pulses and the width of 
pulses are controlled in accordance with the lengths of 
marks in the channel data sequence. The recording 
waveform corresponding to the mark forming period is 
20 divided into two portions, a front portion and a succeed- 
ing portion, and generally the height of each pulse is dif- 
ferent In a mark non-forming period of the recording 
waveform, a space portion is provided before an auxil- 
iary recording pulse which is generated during this 
25 period. The mark forming period reflects the length of a 
mark in the channel data sequence, and is defined as 
shown in Fig. 4 at (c) as a period from the first pulse 
leading edge to the last pulse trailing edge, the pulse 
having an energy level sufficient for supplying energy of 
30 recording a mark, i.e., the pulse having such an energy 
level as a mark cannot be formed without this level. The 
mark non-forming period reflects the length of a space 
in the channel data sequence, and is defined as a 
period other than the mark forming period. The above 
35 definitions are applied also to the following description 
of this specification. The first conventional technique 
with the above-described structure holds the position 
that thermal diffusion directly from the preceding mark 
formed portion to the immediately succeeding mark 
40 leading edge can be compensated independently from 
the space length, and that the mark width and mark 
edge position can be controlled at high precision. 

In a second conventional technique of solving the 
above problems disclosed in JP-A-1 -078437, with refer- 
45 ence to the length of a preceding mark non-forming 
period, a portion of the recording waveform conespond- 
ing to the immediately succeeding mark forming period 
is made variable. Specifically, as illustrated in Fig. 4 at 
(a), a recording energy irradiating means is provided 
so which with reference to the lengths of preceding spaces 
401 and 403, the recording waveforms corresponding to 
marks 402 and 404 are controlled, or more precisely, 
the leading edge forming positions of the marks 402 
and 404 are controlled. This second conventional tech- 
55 nique holds the position that thermal diffusion directly 
from the preceding mark formed portion to the immedi- 
ately succeeding mark leading edge can be compen- 
sated independently from the space length, and that the 
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mark width and mark edge position can be controlled at 
high precision. 

Another conventional technique disclosed in JP-A- 
5-143993 descrfoes that if the blanking period between 
an immediately preceding light pulse and a current light s 
pulse is short, heat generated by the immediately pre- 
ceding light pulse influences the current light pulse and 
therefore this preheat effects are made to have the 
same effects as the long blanking period, and that the 
energy level and width of a light pulse supplied from a 10 
bias light irradiating unit provided immediately before 
the current light pulse are determined in accordance 
with the measured pulse width of the preceding light 
pulse and the measured blanking period. 

Regarding the first problem, although each of the is 
conventional techniques changes the conditions of 
forming a leading edge of a succeeding mark, this con- 
dition change is not satisfactory. Furthermore, each of 
the conventional techniques does not take into consid- 
eration the compensation for the thermal diffusion near 20 
to the leading edge forming position of an immediately 
succeeding mark in accordance with the level of the 
energy amount used for the formation of the preceding 
mark. Therefore, only if the preceding mark forming 
periods are constant the succeeding mark can be relia- 25 
bly formed irrespective of the length of the mark non- 
forming period between two marks. However, if the 
immediately preceding mark forming period changes, it 
is difficult to form the leading edge of a succeeding 
mark at a target position even if the mark non-forming 30 
period between two marks is constant. Namely, the 
longer the preceding mark forming period, the more the 
heat energy used for the formation of the preceding 
mark diffuses near to the leading edge forming position 
of the immediately succeeding mark, and the nearer the 35 
leading edge comes to the trailing edge of the immedi- 
ately preceding mark. The above phenomena become 
more conspicuous as the linear recording density is 
raised or the mark non-forming period between two 
marks becomes short. 40 

Regarding the second problem, each of the con- 
ventional techniques is unsatisfactory with respect to 
the constant heat accumulation, and cannot suppress 
sufficiently a shift of the trailing edge from a target posi- 
tion depending upon the mark width, if the mark width is 45 
shortened and the linear recording density is raised. 
Namely, the trailing edge position and mark width fluctu- 
ate depending upon the distance from the mark leading 
edge. The above phenomena become conspicuous as 
the linear recording density is raised. so 

From the above reasons, therefore, each of the 
above conventional techniques cannot form a fine mark 
at a sufficiently high precision and therefore cannot real- 
ize a sufficient recording area density. 

55 

SUMMARY OF THE INVENTION 

In order to solve the first problem, the invention pro- 



vides an information recording apparatus for recording 
data by applying energy to a recording medium to form 
thereon local physical changes of the medium, the infor- 
mation recording apparatus comprising: recording 
energy irradiating means for generating at least two 
recording waveforms when marks or spaces of the 
same length in a channel data sequence are recorded. 

In order to solve the first problem, the invention fur- 
ther provides an information recording apparatus for 
recording data by applying energy to a recording 
medium to form thereon local physical changes of the 
medium, the information recording apparatus compris- 
ing: recording pattern analyzing means for analyzing a 
recording pattern in a channel data sequence when 
data is recorded; and recording energy irradiating 
means for generating at least two recording waveforms 
when marks or spaces of the same length in the chan- 
nel data sequence are recorded, in accordance with the 
analyzed results by said recording pattern analyzing 
means. 

The recording pattern includes information on the 
lengths of marks and spaces, the sequential orders of 
marks and patterns and other information. The record- 
ing waveform indicates how a recording energy is 
applied to a recording medium, i.e., a time sequential 
change in a recording energy level. 

As described above, the conditions of forming the 
leading edge of a succeeding mark are precisely com- 
pensated with respect to the space length immediately 
after the preceding mark. Furthermore, thermal diffu- 
sion near to the leading edge forming position of an 
immediately succeeding mark is compensated depend- 
ing upon the energy amount used for forming the imme- 
diately preceding mark. In the above manner, a mark 
can be formed reliably independently from the length of 
the immediately preceding mark and the length of a 
space between two marks. 

In order to solve the second problem, the invention 
provides an information recording apparatus for record- 
ing data by applying energy to a recording medium to 
form thereon local physical changes of the medium, the 
information recording apparatus comprising: recording 
energy irradiating means for generating a recording 
waveform during a mark forming period, the upper and 
lower envelopes of the recording waveform lowering as 
a time lapses from the start of the mark forming period. 

As above, heat accumulation when a long mark is 
formed can be compensated precisely, and the trailing 
edge of a long mark can be formed precisely at a target 
position independently from the mark length. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram illustrating the structure of a disk 
drive of this invention. 

Fig. 2 is a diagram illustrating recording waveforms 
of the invention. 

Fig. 3 is a diagram showing the structure of a 
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recording block of the disk drive of the invention. 

Fig. 4 is a diagram illustrating the operation of a 
recording pattern analyzer of the invention. 

Fig. 5 is a diagram illustrating the operation of the 
recording pattern analyzer of the invention. s 

Fig. 6 is a diagram illustrating the operation of the 
recording pattern analyzer of the invention. 

Fig. 7 is a diagram illustrating the effects of high 
precision mark formation of the invention. 

Fig. 8 is a diagram illustrating different configura- 10 
tions of recording waveforms. 

Fig. 9 is a diagram showing the structure of a 
recording pattern analyzer of an information recording 
apparatus of this invention. 

Fig. 1 0 is a diagram illustrating the operation princi- is 
pie and effects of the information recording apparatus of 
the invention. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



20 



Embodiments of the invention will be described. In 
the embodiments, a magneto-optical recording medium 
will be described as an example of a recording medium. 
The recording medium is not limited only thereto, but the 25 
techniques disclosed in the embodiments are shared by 
other recording media so long as they are of the type 
that data is recorded by applying energy to the record- 
ing medium to form local physical changes thereon. 
Also in the embodiments, although a recording wave- 30 
form which changes only a single parameter will be 
described, the configuration of a recording waveform of 
this invention is not limited thereto. For example, 
although a recording waveform shown in Fig. 8 at (a) 
can be definitely identified by designating parameters 35 
Pa, Pb. Pw1, Pw2, Tb, Tw1, Tw2 and Tbw, a different 
configuration of a recording waveform with its parame- 
ters being all different may also be used. A changing 
portion of a recording waveform may be a mark forming 
area, a mark non-forming area, or both areas. Parame- 40 
ters identifying a recording waveform are illustrative and 
are not limited thereto, but other configurations of a 
recording waveform identified with parameters different 
from the embodiments may also be used. Configura- 
tions of waveforms unable to be identified by common 45 
parameters such as shown in Fig. 8 at (a) and (b) may 
also be used. 

The level of recording energy means an average 
energy level during a period longer than a thermal relax- 
ation time of a recording film of a recording medium. If so 
the frequency components sufficiently higher than that 
corresponding to a period of a channel bit length (a 
change unit of edge positions of mark and space) are 
superposed upon a recording waveform from any rea- 
sons, the recording energy level means an average ss 
energy level during a period longer than that which can 
neglect the influence of the frequency components. 
Fig. 1 is a diagram showing an example of the 



structure of an information recording apparatus of this 
invention. User data 115 to be recorded is temporarily 
stored in a buffer 1 14 by a predetermined amount under 
the control of a controller 118. Recording data 127 sup- 
plied from the buffer 114 is converted into a channel 
data sequence 126 by an encoder 113, the channel 
data sequence corresponding to the positions of marks 
(not shown) to be formed on a magneto-optical medium 
117. The channel data sequence 126 is supplied to a 
recording waveform generator 112 whereat it is con- 
verted into level control signals 125 corresponding to 
the recording waveform. The encoder 113 and record- 
ing waveform generator 112 operate synchronously 
with a reference timing signal 128 generated by a refer- 
ence timing generator 1 1 9. A laser driver 1 1 1 generates 
a laser drive current 124 in accordance with the level 
control signals 125 to make a laser 1 10, as a recording 
energy source, emit light in accordance with the record- 
ing waveform. A laser light 123 radiated from the laser 
110 passes through a half mirror 108 and an objective 
lens 116 and is converged onto the magneto-optical 
recording medium 117 to heat its recording film (not 
shown) and form a mark. In reproducing data, a mark 
sequence on the magneto-optical recording medium 
1 1 7 is scanned with a laser beam 1 23 having a low level 
to the extent that is does not destruct a mark. Light 
reflected from the magneto-optical recording medium 
1 1 7 passes through the objective lens 1 16 and half mir- 
ror 108 and is incident upon a polarization beam splitter 
107 which splits the reflected fight, whose polarizing 
surface rotates in a reverse direction in accordance with 
the mark magnetization direction, into orthogonal polar- 
ization light beams each being directed via a detection 
lens 106 to a photo detector 101. The photo detectors 
101 convert the orthogonal polarization light beams into 
electrical signals proportional to the intensities of the 
light beams. Each electrical signal is amplified by a 
preamplifier 102 of each photo detector 101 to a suffi- 
cient amplitude, and thereafter supplied to a differential 
amplifier 102. The differential amplifier 102 amplifies a 
difference between input signals and generates a mag- 
neto-optical signal 120 corresponding to a pres- 
ence/absence of a mark at the scanned position of the 
magneto-optical recording medium 117. The magneto- 
optical signal 120 undergoes a wave equalizing process 
at an equalizer and is converted into a binary signal by 
a comparator 104. A decoder 105 performs an inverse 
modulation of the encoder 1 1 3 to convert the binary sig- 
nal 121 into reproduced data which is stored in the 
buffer 1 1 4 by a predetermined amount under the control 
of the controller 118 and output from the apparatus as 
user data 115. 

Fig. 2 at (a) to (d) is a diagram showing marks and 
spaces of a channel data sequence and corresponding 
recording waveforms of this invention. Fig. 2 at (a) 
shows a channel data sequence generated from record- 
ing data by the encoder. Fig. 2 at (b) shows an image of 
a mark sequence on a recording medium. A record- 
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ing/reproducing laser light spot is scanned from the left 
to right in Fig. 2 at (b). Each mark 202 is one-to-one cor- 
respondence with each mark of the channel data 
sequence 200, and has a length corresponding to the 
duration of each mark of the channel data sequence 5 
200. Fig. 2 at (c) shows an example of a recording 
waveform of the invention corresponding to the channel 
data sequence 200 shown in Fig. 2 at (a). This record- 
ing waveform has two different configurations for the 
record of two marks having the same length of 2L. Fig. 10 
2 at (d) shows another example of a recording waveform 
of the invention corresponding to the channel data 
sequence 200 shown in Fig. 2 at (a). This recording 
waveform has two different configurations for the record 
of spaces having the same length of 3L A length L is a 15 
minimum unit of a change amount of a mark/space 
length of the channel data sequence 200. 

Fig. 3 is a detailed diagram showing an example of 
the structure of a recording block 129 shown in Fig. 1. 
The encoder 113 converts the recording data 127 into 20 
the channel data sequence 126 in accordance with a 
predetermined modulation rule. The channel data 
sequence 126 is input to a recording pattern analyzer 
302, a mark length latch 300 and a space length latch 
301. The mark length latch 300 holds a length of each 2s 
mark in the channel data sequence 126 for a predeter- 
mined period in a FIFO manner, whereas the space 
length latch 301 holds a length of each space in the 
channel data sequence 126 for a predetermined period 
in a FIFO manner. The mark length and space length 30 
held by the latches are input to a recording pattern ana- 
lyzer 302. With reference to the channel data sequence 
126 supplied from the encoder 113 and the data in the 
mark length latch 300 and space length latch 301 which 
data is information of a preceding recording pattern, the 35 
recording pattern analyzer 302 generates a Pb control 
signal 31 1, a Pa control signal 312, a Pwl control signal 
313 and a Pw2 control signal 314 corresponding to an 
actual recording waveform, in a manner adaptative to 
the preceding recording pattern. With reference to these 40 
level control signals 125, the laser driver 111 synthe- 
sizes the laser drive current 124 and drives the laser 
1 10 as the recording energy source. The encoder 1 13. 
recording pattern analyzer 302, mark length latch 300 
and space length latch 301 operate synchronously with 45 
the reference timing signal 128 to transfer and generate 
various signals. 

The channel data sequence output from the 
encoder is now classified into each pair of mark and 
space, to represent the length of an n-th (n is a natural so 
number) mark by M(n) and the length of an n-th space 
by S(n). The mark length latch 300 holds the immedi- 
ately preceding mark length M(n) until the immediately 
succeeding (n+1)-th mark is completely recorded, 
whereas the space length latch 301 holds the immedi- ss 
ately preceding space length S(n) until the immediately 
succeeding (n+1)-th space is completely recorded. For 
example, while the information recording apparatus 



records the (n+1)-th mark after the n-th space, the mark 
length latch 300 holds the n-th mark length M(n) and 
supplies it to the recording pattern analyzer 302 until the 
information recording apparatus completely records the 
(n+1)-th mark. With reference to the channel data 
sequence 126 and the value M(n), the recording pattern 
analyzer 302 controls the level control signal 125. For 
example, in the case of the recording waveform shown 
in Fig. 2 at (c), if M(n) is 3L or longer, the recording pat- 
tern analyzer 302 controls the level control signal 125 
so that the energy level of the start pulse for the record 
of the (n+1)-th mark (during the mark forming period) 
becomes Pw3, whereas if M(n) is shorter than 3L. the 
recording pattern analyzer 302 controls the level control 
signal 125 so that the energy level of the start pulse for 
the record of the (n+1)-th mark becomes Pw4. In this 
case, the values of Pw3 and Pw4 are assumed to be dif- 
ferent In another example, while the information record- 
ing apparatus records the n-th space after the n-th 
mark, the mark length latch 300 holds the n-th mark 
length M(n) and supplies it to trie recording pattern ana- 
lyzer 302 until the information recording apparatus com- 
pletely records the n-th space. With reference to the 
channel data sequence 126 and the value M(n). the 
recording pattern analyzer 302 controls the level control 
signal 125. For example, in the case of the recording 
waveform shown in Fig. 2 at (d), if M(n) is 3L or longer, 
the recording pattern analyzer 302 controls the level 
control signal 125 so that the energy level of a low level 
period provided at the start for the record of the n-th 
space (during the mark non-forming period) becomes 
Tb1, whereas if M(n) is shorter than 3L, the recording 
pattern analyzer 302 controls the level control signal 
125 so that the energy level of a low level period pro- 
vided at the start for the record of the n-th space 
becomes Tb2. In this case, the values of Tb1 and Tb2 
are assumed to be different. In the above operation 
examples, the recording pattern analyzer 302 refers 
only to the immediately preceding mark length or space 
length as the information of the preceding recording pat- 
tern. However, this arrangement does not limit the struc- 
ture and operation of the mark length latch and space 
length latch, but two or more mark lengths and space 
lengths may be used. 

Fig. 9 is the detailed diagram showing an example 
of the structure of the recording pattern analyzer 302 
shown in Fig. 3. In this example, it is assumed that 
recording data is (1.7) RLL modulated and thereafter 
mark edge recorded and that the recording waveform 
shown in Fig. 2 at (d) is generated. First, the recording 
data 127 is (1,7) RLL modulated and thereafter NRZI 
modulated to be converted into a channel data 
sequence 126. Next the channel data sequence 126 is 
input to a mark length latch 300 and a counter 1000. 
The mark length latch 300 holds the length of each 
mark in the channel data sequence 126 until the start of 
the next mark forming period, and supplies it to a com- 
parator 1002. The comparator 1002 compares the mark 
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length with 2L which is the shortest mark length used by 
the encoder 1 13, and judges whether the mark length is 
2L or whether it is 3L or longer. This judgement result is 
transferred to a waveform encoder 1001 . With reference 
to a reference timing signal 128 which is a clock signal 
having a period L, the counter 1000 measures a lapse 
time from the start edge of a mark or space in the chan- 
nel data sequence 126 in the unit of L. and supplies the 
time count result to the waveform encoder 1001. With 
reference to the channel data sequence 126, the time 
count result from the counter 1000 and an output from 
the comparator 1002, the waveform encoder 1001 
exclusively generates a Pb control signal 31 1 , a Pa con- 
trol signal 312, a Pw1 control signal 313 and a Pw2 con- 
trol signal 314 corresponding to the recording waveform 
shown in Fig. 2 at (d). These level control signals 125 
are generated adaptatively to the preceding recording 
pattern. Specifically in this example, the period while the 
Pb control signal 311 is generated at the start of the 
mark non-forming period is Tb2 if the length of the 
immediately preceding mark in the channel data 
sequence 126 is determined from the comparison result 
by the comparator to be shortest 2L, whereas it is Tbl if 
the length is determined to be 3 L or longer. Tb1 and Tb2 
are not dependent on the length of each space in the 
channel data sequence 126, but have a relationship Tb1 
> Tb2. In this example, therefore, a space length latch is 
not specifically required. During the other period, in 
accordance with the lapse time from the leading edge of 
a mark or space in the channel data sequence 126, the 
level control signals 125 having a predetermined pat- 
tern are sequentially output from the waveform encoder 
1001. With reference to these level control signals 125, 
the laser driver 1 1 1 synthesizes a laser drive current 
124 and drives the laser 110 as the recording energy 
source. The whole circuit operates synchronously with 
the reference timing signal 128 to transfer and generate 
various signals. 

Fig. 10 is a diagram illustrating the effects of the 
recording pattern analyzer of this invention shown in 
Fig. 9. This graph shows an example of measurement 
results of mark edge positions of a signal reproduced 
from a mark edge recorded magneto-optical reoording 
medium. A solid symbol led curve corresponds to a con- 
ventional apparatus, and an open symbolled curve cor- 
responds to the apparatus of this invention. A change in 
the shape of a succeeding mark relative to a preceding 
mark length was measured by fixing the interval 
between two marks. The mark interval and the succeed- 
ing mark length were set to 2L which was the shortest 
length of the modulation rule used by the encoder 113, 
and the preceding mark length was changed in the 
range from 2L to 8L A light spot diameter was about 1 .2 
urn and a detection window width L was 0.27 urn. AE is 
a shift of a succeeding mark leading edge from an ideal 
position, the 6ign of a shift amount being set positive in 
the delay direction. The shift amount was plotted as a 
percentage of AE in the detection window width L. In the 



case of a conventional apparatus, as the preceding 
mark becomes long, the leading edge gradually shifts. 
The leading edge shifts greatly if the preceding mark is 
3L or longer, as compared to the preceding mark of 2L 
5 In other words, if the preceding mark is 3L or longer, the 
succeeding mark is formed considerably large as com- 
pared to the preceding mark of 2L If ideal marks can be 
formed, the edge shifts become constant independent 
from the preceding mark lengths. If the edge shifts are 
10 constant, this shift can be removed through signal 
processing. However, if the edge shifts change with the 
preceding mark lengths, it is difficult to remove them. 
Therefore, in order to achieve stable data record- 
ing/reproducing, it is preferable to make the edge shifts 
is generally constant independently from the preceding 
mark lengths. In a conventional apparatus, a constant 
heat compensation period (Pb level period shown in 
Fig. 2 at (d)) for stopping heating immediately after the 
mark forming period is always provided to compensate 
20 for thermal interference corresponding to the preceding 
space length, i.e., position related thermal interference. 
Namely, this constant heat compensation period has 
been expected to make the edge shifts generally con- 
stant independently from either a preceding mark length 
25 or a preceding space length. The reason for this is as 
follows. The heat conduction effect from the preceding 
mark and the effect of the preheat period (Pa level 
period shown in Fig. 2 at (d)) during the mark non-form- 
ing period are balanced and the total effects become 
30 generally constant so that the immediately succeeding 
mark can be formed stably. With a conventional appara- 
tus, however, compensation for an input heat amount of 
a preceding mark, i.e.. compensation for a magnitude of 
heat source, was not performed. The above-described 
35 problem occurs therefore if a linear recording density is 
raised and a change in heat conduction from the pre- 
ceding mark to the succeeding mark cannot be 
neglected. 

As above, a conventional apparatus has a limit in 

40 high linear density recording. It can be understood from 
detailed studies of the solid symbolled curve shown in 
Rg. 10 that there is a large difference of the edge shift 
between the shortest preceding mark length 2L and the 
mark length 3L or longer. This means that heat conduc- 

45 tion to the succeeding mark becomes different depend- 
ing upon whether the preceding mark has a portion 
longer than 2L from the trailing edge thereof toward the 
upstream direction (opposite to the light spot scanning 
direction), i.e., whether the preceding mark length is 

so shortest 2L Namely, the space of the succeeding mark 
becomes different depending upon whether there is 
heat conduction from the portion longer than 2L from 
the trailing edge of the preceding mark toward the 
upstream direction to the succeeding mark. In order to 

55 form a succeeding mark reliably, the conditions of form- 
ing a succeeding mark is required to be changed adap- 
tatively to whether or not the preceding mark has the 
shortest mark length. The recording waveform shown in 
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Fig. 2 at (d) is generated by the recording pattern ana- 
lyser shown in Fig. 9 by changing the conditions of form- 
ing a succeeding mark adaptatively to the preceding 
mark length. Several methods are conceivable as the 
method of changing the conditions of forming a suc- 
ceeding mark. The recording waveform shown in Fig. 2 
at (d) is generated by the recording pattern analyzer 
shown in Fig. 9 by changing the heat compensation 
period. Specifically, if the preceding mark length is 3L or 
longer and excessive heat conduction to the succeeding 
mark is probable, the heat shielding period is prolonged 
to reduce a preheat amount. Therefore, as seen from 
the white plotted curve of Fig. 10. the edge positions of 
succeeding marks are stable independently from the 
preceding mark lengths, and nearly ideal marks can be 
formed. In this example, although the duration of the 
heat shielding period is changed as a method of chang- 
ing the conditions of forming a succeeding mark, other 
methods may be used such as changing the recording 
waveform of a succeeding mark itself as shown in Fig. 2 
at(c). 

Fig. 4 at (a) to (j) and Figs. 5 and 6 show mark 
sequences and their waveforms illustrating the opera- 
tion of the recording pattern analyzer 302 shown in Fig. 
2. Fig. 4 at (a). Fig. 5 at (a) and Fig. 6 at (a) show 
images of mark sequences to be formed on a recording 
medium and corresponding to channel data sequences. 
L is the minimum unit (channel bit length) of a change 
amount of a length of each of marks 401, 501 and 601 
and spaces 402, 502 and 602. A recording/reproducing 
laser light spot scans from the left to right in Rgs. 4 to 6 
at (a). A target edge interval of the marks 401, 501 and 
601 and spaces 402, 502 and 602 is always an integer 
multiple of L. 

Fig. 4 at (b) shows a reference timing signal which 
is a clock signal of a period T for controlling the record- 
ing block. Signals including the recording waveform of 
the recording block are generated and transferred syn- 
chronously with this clock signal. T corresponds to a 
time duration of the detection window corresponding to 
the channel bit length L, and has a relationship of L - vT 
where v is a motion speed of a laser light spot The 
clock signal is a rectangular wave with a duty ratio of 50 
%, the high and low level periods each being equal to 
Tw. In this embodiment, there is a relationship of T = 
2Tw, and the energy level holding period to be 
described below is an integer multiple of Tw, i.e., an 
integer multiple or a half-odd integer multiple of the 
period T of the reference timing signal. 

Fig. 4 at (c) is a diagram showing an example of a 
recording waveform used by a conventional information 
recording apparatus. The recording waveform is mainly 
classified into a mark forming period and a mark non- 
forming period. In the mark forming period, high level 
energy necessary for the formation of a nark is intermit- 
tently irradiated, and the mark non-forming period is the 
period other than the mark forming period and corre- 
sponds to a space. In the mark forming period, any one 



or ones of energy levels Pa, Pb, Pw1 and Pw2 are gen- 
erated, and in the mark non-forming period, energy lev- 
els Pb and Pa are consecutively generated. In this 
recording waveform, fixed energy levels are sequen- 
5 tially generated in a fixed order irrespective of an imme- 
diately preceding mark or space length, i.e., irrespective 
of a preceding recording pattern, only by reflecting a 
corresponding mark length or space length. More spe- 
cifically, the mark forming period corresponding to the 
w mark of 2L is constituted of a single pulse having a width 
Tw and a level Pw1 . As the mark length is elongated at 
an increment of L, a pulse having a width Tw and a level 
Pw2 is added at a repetition period of T. The level 
between the levels Pw1 and Pw2 is always Pb. In the 
is mark non-forming period, a low level period with a width 
Tb (=3Tw) and the level Pb is provided as the start 
period, and the Pa level is maintained to the succeeding 
mark forming period. 

Fig. 4 at (d) is a diagram showing an example of a 
20 recording waveform used by an information recording 
apparatus of this invention. In the mark forming period, 
energy levels are sequentially output in the order of first 
Pw1, Pa1, Pw3, Pa2, Pw2 and Pb, and then repetitions 
of Pw2 and Pb. The upper and lower envelopes of the 
25 recording waveform lower as the time lapses after the 
start of the mark forming period. The holding time of 
each level is equal to Tw. In the mark non-forming 
period, a level Pb period is provided by Tb (=3Tw) as the 
start level period and thereafter the level Pa is main- 
30 tained to the succeeding mark forming period. 

Fig. 4 at (e) is a diagram showing another example 
of a recording waveform used by the information record- 
ing apparatus of this invention. In the mark forming 
period, the upper and lower envelopes of the recording 
35 waveform lower as the time lapses after the start of the 
mark forming period. The holding time of each level is 
equal to Tw. In the mark non-forming period, the record- 
ing waveform is adaptatively changed with a preceding 
recording pattern, i.e, immediately preceding mark 
40 length. More specifically, the mark forming period corre- 
sponding to the mark of 2L is constituted of a single 
pulse having a width Tw and a level Pw1. As the mark 
length is elongated at an increment of L, a pulse having 
a width Tw and a level Pw2 is added at a repetition 
45 period of T. The level between the levels Pw1 and Pw2 
is Pa, and the level between level Pw2 pulses is Pb. In 
the mark non-forming period, a level Pb period is pro- 
vided as the start period, and the Pa level is maintained 
to the succeeding mark forming period. The level Pb 
50 period adaptatively changes to Tb1 (=3Tw) if the pre- 
ceding mark length is 2L, and to Tb2 (=4Tw) if the pre- 
ceding mark length is 3L or longer. In this example, for 
the simplicity purpose, the energy levels forming the 
upper envelope during the mark forming period are two 
55 levels and the energy levels forming the lower envelope 
are two levels. The number of energy levels is not 
intended to be limitative. For example, as shown in Fig. 
4 at (d), three levels or more may be used for forming 
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the upper and lower envelopes. This may also be 
applied to other examples shown in Fig. 4 at (f) to Q) to 
follow. 

Fig. 4 at (f) is a diagram showing another example 
of a recording waveform used by the information record- s 
ing apparatus of this invention. In the mark forming 
period, the upper and lower envelopes of the recording 
waveform lower as the time lapses after the start of the 
mark forming period. The holding time of each level is 
equal to Tw. In the mark non-forming period, this record- 10 
ing waveform is adaptatively changed with a preceding 
recording pattern, i.e., immediately preceding mark 
length. More specifically, the mark forming period corre- 
sponding to the mark of 2L is constituted of a single 
pulse having a width Tw and a level Pw1. As the mark 15 
length is elongated at an increment of U a pulse having 
a width Tw and a level Pw2 is added at a repetition 
period of T The level between the levels Pwl and Pw2 
is Pa, and the level between level Pw2 pulses is Pb. In 
the mark non-forming period, a level Pb period is pro- 20 
vided by Tb (=3Tw) as the start period, and the Pa1 or 
Pa2 level is maintained to the succeeding mark forming 
period: The levels Pa1 and Pa2 are adaptatively set to 
Pa1 if the preceding mark length is 2L, and to Pa2 if it is 
3L or longer. 25 

Fig. 4 at (g) is a diagram showing another example 
of a recording waveform used by the information record- 
ing apparatus of this invention. In the mark forming 
period, the upper and lower envelopes of the recording 
waveform lower as the time lapses after the start of the 30 
mark forming period. The holding time of each level is 
equal to Tw. In the mark non-forming period, this record- 
ing waveform is adaptatively changed with a preceding 
recording pattern, i.e., immediately preceding mark 
length. More specifically, the mark forming period corre- 35 
sponding to the mark of 2L is constituted of a single 
pulse having a width Tw and a level Pw1. As the mark 
length is elongated at an increment of U a pulse having 
a width Tw and a level Pw2 is added at a repetition 
period of T. The level between the levels Pw1 and Pw2 40 
is Pa, and the level between level Pw2 pulses is Pb. In 
the mark non-forming period, a level Pa period is pro- 
vided by Th1 (=Tw) or Th2 (=2Tw) as the start period, a 
level Pb period is thereafter provided by Tb (=3Tw), and 
the level Pa is maintained to the succeeding mark form- 45 
ing period. The periods Th1 and Th2 are adaptatively 
set to Thl if the preceding mark length is 2L, and to Th2 
if it is 3L or longer. 

Fig. 4 at (h) is a diagram showing another example 
of a recording waveform used by the information record- so 
ing apparatus of this invention. In the mark forming 
period, the upper and lower envelopes of the recording 
waveform lower as the time lapses after the start of the 
mark forming period. In the mark forming period, the 
start recording waveform is adaptatively changed with a ss 
preceding recording pattern, i.e.. immediately preceding 
mark length. More specifically, the mark forming period 
corresponding to the mark of 2L is constituted of a sin- 



gle pulse having a width Tw1 (=2Tw) or Tw2 (=Tw) and a 
level Pw1. As the mark length is elongated at an incre- 
ment of L. a pulse having a width Tw and a level Pw2 is 
added at a repetition period of T. The period of the level 
Pw1 adaptatively changes to Tw1 if the preceding mark 
length is 2L, and to Tw2 if it is 3L or longer. The level 
between the levels Pw1 and Pw2 is Pa, and the level 
between level Pw2 pulses is Pb. In the mark non-form- 
ing period, a level Pb period is provided by Tb (=3Tw), 
and the level Pa is maintained to the succeeding mark 
forming period. 

Fig. 4 at (i) is a diagram showing another example 
of a recording waveform used by the information record- 
ing apparatus of this invention. In the mark forming 
period, the upper and lower envelopes of the recording 
waveform lower as the time lapses after the start of the 
mark forming period. The holding time of each level is 
equal to Tw. In the mark forming period, the start record- 
ing waveform is adaptatively changed with a preceding 
recording pattern, i.e., immediately preceding mark 
length. More specifically, the mark forming period corre- 
sponding to the mark of 2L is constituted of a single 
pulse having a width Tw and a level Pw1 or Pw3. As the 
mark length is elongated at an increment of L, a pulse 
having a width Tw and a level Pw2 is added at a repeti- 
tion period of T The levels Pw1 and Pw3 are adapta- 
tively set to Pwl if the preceding mark length is 2L, and 
to Pw3 if it is 3L or longer. The level between the levels 
Pw1 and Pw2 is Pa, and the level between level Pw2 
pulses is Pb. In the mark non-forming period, a level Pb 
period is provided by Tb (= 3Tw), and the level Pa is 
maintained to the succeeding mark forming period. 

Fig. 4 at 0) is a diagram showing another example 
of a recording waveform used by the information record- 
ing apparatus of this invention. In the mark forming 
period, the upper and lower envelopes of the recording 
waveform lower as the time lapses after the start of the 
mark forming period. In the mark forming period, the 
start recording waveform is adaptatively changed with a 
preceding recording pattern, i.e., immediately preceding 
mark length. More specifically, the mark forming period 
corresponding to the mark of 2L is constituted of a sin- 
gle pulse having a width Tw and a level Pw1 or Pw3. 
After a period of Tm1 (=2Tw) or Tm2 (=Tw) being pro- 
vided immediately after this single pulse, as the mark 
length is elongated at an increment of L. a pulse having 
a width Tw and a level Pw2 is added at a repetition 
period of T. The periods Tm1 and Tm2 are adaptatively 
set to Tm1 if the preceding mark length is 2L, and to 
Tm2 if it is 3L or longer. The level between the levels 
Pw1 and Pw2 is Pa, and the level between level Pw2 
pulses is Pb. In the mark non-forming period, a level Pb 
period is provided by Tb (= 3Tw), and the level Pa is 
maintained to the succeeding mark forming period. 

Fig. 5 at (c) is a diagram showing another example 
of a recording waveform used by the information record- 
ing apparatus of this invention. In the mark forming 
period, the lower envelope of the recording waveform 
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lowers as the time lapses after the start of the mark 
forming period. In the mark non-forming period, the 
recording waveform is adaptatively changed with its 
own space length. More specifically, the mark non-form- 
ing period corresponding to the space of 2L is consti- 5 
tuted of a level Pa period with a width of 4Tw and level 
Pb periods with a width Tw provided before and after the 
level Pa period. After the mark non-forming period cor- 
responding to the space of 3L or longer being consti- 
tuted of a start level Pb period with a width Tb1 (=2Tw) 10 
and a level Pa period with a width Th (=Tw) followed by 
a level Pb period with the width Tb2 (=Tw), as the space 
length is elongated at an increment of L. the level Pa 
period with the level Pb periods provided before and 
after the level Pa period is elongated by L. The mark 1S 
forming period corresponcfing to the mark of 2L is con- 
stituted of a single pulse having a width Tw and a level 
Pw1. The mark forming period corresponding to the 
mark of 3L is constituted of a level Pwl period with the 
width Tw followed by a level Pa period with the width Tw 20 
and a level Pw1 period with the width Tw. Thereafter, as 
the mark length is elongated at an increment of L. a 
level Pw2 pulse with the width Tw is added with a level 
Pb period with the width Tw being provided before the 
level Pw2 pulse. 25 

Fig. 6 at (c) is a diagram showing another example 
of a recording waveform used by the information record- 
ing apparatus of this invention. In the mark forming 
period, the lower envelope of the recording waveform 
lowers as the time lapses after the start of the mark so 
forming period. In the mark non-forming period, the 
recording waveform is adaptatively changed with its 
own space length. More specifically, the mark non-form- 
ing period corresponding to the space of 4L or shorter is 
constituted of a start level Pb period with a width Tb1 35 
(=2Tw) and a level Pa period with a width Th (VTw) fol- 
lowed a level Pb period with the width Tt>2 (=Tw). After 
the mark non-forming period corresponding to the 
space of 5L or longer being constituted of the start level 
Pb period with a width Tb2 (=Tw) and a level Pa period 40 
with a width Th (°Tw) followed the level Pb period with 
the width Tb2 (=Tw), as the space length is elongated at 
an increment of L, the level Pa period with the level Pb 
periods provided before and after the level Pa period is 
elongated by L The mark forming period corresponding 45 
to the mark of 2L is constituted of a single pulse having 
a width Tw and a level Pwl. The mark forming period 
corresponding to the mark of 3L is constituted of a level 
Pw1 period with the width Tw followed by a level Pa 
period with the width Tw and a level Pw1 period with the so 
width Tw. Thereafter, as the mark length is elongated at 
an increment of L, a level Pw2 pulse with the width Tw is 
added with a level Pb period with the width Tw being 
provided before the level Pw2 pulse. 

Fig. 7 is a graph showing a relationship between a ss 
relative recording power and a jitter, the relationship 
being obtained through mark edge recording using 
recording waveforms of the invention apparatus and a 



conventional apparatus. The measurement conditions 
were as follows. The modulation rule of the encoder 
used (1,7) codes, an optical system had a light source 
wavelength of 685 nm, an objective lens has a numeri- 
cal aperture of 0.55, and the linear recording density 
was 0.40 jim/bit An open symbolled broken line indi- 
cates a jitter (ratio to detection window width) obtained 
by measuring the interval of leading edges by using 
conventional recording waveforms, whereas a solid 
symbolled broken line indicates a jitter (ratio to detec- 
tion window width) obtained by measuring the interval of 
trailing edges by using conventional recording wave- 
forms. With conventional recording waveforms, the 
position of the leading edge of a mark shifts from the 
ideal position by the influence of the preceding record- 
ing pattern. Therefore, the leading edge jitter becomes 
as a whole larger than the trailing edge jitter. A power 
which optimizes the leading edge is different from a 
power which optimizes the trailing edge. In contrast, an 
open symbolled solid line indicates a jitter (ratio to 
detection window width) obtained by measuring the 
interval of leading edges by using recording waveforms 
of the invention, whereas a solid symbolled solid line 
indicates a jitter (ratio to detection window width) 
obtained by measuring the interval of trailing edges by 
using recording waveforms of the invention. With 
recording waveforms of the invention, the leading edge 
of the mark is formed generally at an ideal position so 
that the jitter can be improved as a whole. A power 
which optimizes the leading edge is the same as a 
power which optimizes the trailing edge. Furthermore, 
the levels of jitters of the leading and trailing edges are 
generally equal and the recording power margin is con- 
siderably improved. 

According to the present invention, marks can be 
formed at a high precision by an information recording 
apparatus of the type which records data by applying 
energy to a recording medium to form thereon local 
physical changes of the medium. It is therefore possible 
to adopt a mark edge recording method which is suita- 
ble for high linear recording density. Furthermore, by 
realizing a constant heat accumulation, a reproduction 
crosstalk can be made constant and the track interval 
can be shortened. Accordingly, the recording area den- 
sity can be improved. Since the recording/reproducing 
operation can be stabilized greatly and at the same time 
the information recording apparatus and recording 
media can be made compact, the manufacture cost can 
be reduced. 

Claims 

1. An information recording apparatus for recording 
data by applying energy to a recording medium to 
form thereon local physical changes of the medium, 
comprising: 

recording energy irradiating means (129) for 
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generating at least two recording waveforms 
when spaces or marks of the same length In a 
channel data sequence are recorded. 

!. An information recording apparatus for recording s 
data by applying energy to a recording medium to 
form thereon local physical changes of the medium, 
comprising: 

means (300, 301, 302) for analysing a record- 10 6 
ing pattern in a channel data sequence when 
data is recorded; and 

recording energy irradiating means (129) for 
generating at least two recording waveforms 
when spaces or marks of the same length in is 
the channel data sequence are recorded, in 
accordance with the results analysed by said 
analysing means. 

, An information recording apparatus for recording 20 
data by applying energy to a recording medium to 
form thereon local physical changes of the medium, 
comprising: 

means (300, 302) for discriminating the length 25 
of a mark or space in a channel data sequence 
when data is recorded; and 

recording energy irradiating means (129) for 7. 
generating at least two recording waveforms 
when succeeding marks or spaces of the same 30 
length in the channel data sequence are 
recorded, in accordance wfth the results dis- 
criminated by said discriminating means. 

An information recording apparatus for recording 35 
data by applying energy to a recording medium to 
form thereon local physical changes of the medium, 
comprising: 

means (300, 301, 302) for discriminating the 40 8. 
length of a mark or space in a channel data 
sequence when data is recorded; and 
recording energy irradiating means (129) for 
switching between at least two levels of a total 
energy irradiating amount during a mark form- 45 9. 
ing or non-forming period when marks or 
spaces of the same length in the channel data 
sequence are recorded, in accordance with the 
results of preceding mark or space lengths dis- 
criminated by said discriminating means. 

An information recording apparatus for recording 
data by applying energy to a recording medium to 
form thereon local physical changes of the medium, 
comprising: 



data is recorded; and 

recording energy irradiating means (129) for 
switching between at least two levels of the 
total energy irradiating amount during a mark 
forming or mark non-forming period, in accord- 
ance with the results discriminated by said total 
energy irradiating amount discriminating 
means. 

An information recording apparatus tor recording 
data by applying energy to a recording medium to 
form thereon local physical changes of the medium, 
comprising: 

mark length holding means (300) for holding a 
mark length of a mark in a channel data 
sequence when data is recorded; 
discriminating means (1002) for discriminating 
the held result by said mark length holding 
means; and 

recording energy irradiating means (129) for 
generating, in accordance with the results of 
the mark discriminated by said discriminating 
means, at least two recording waveforms when 
a space or another mark is recorded immedi- 
ately after the first mark. 

An information recording apparatus for recording 
data by applying energy to a recording medium to 
form thereon local physical changes of the medium, 
comprising: 

recording energy irradiating means (129) for 
generating a recording waveform during a mark 
forming period, the upper and lower envelopes 
of the recording waveform lowering with the 
lapse of time from the start of the mark forming 
period. 

The apparatus of any one of claims 1 to 15, wherein 
the upper or lower envelope of the recording wave- 
form during a mark forming period lowers as a time 
lapses from the start of the mark forming period. 

The apparatus of any one of claims 1 to 6, wherein 
the recording waveform includes a mark forming 
period with at least two energy levels and a mark 
non-forming period with at least two energy levels. 



means (302) for discriminating the total energy 
irradiating amount of each mark or space when 



so 10. The apparatus of any one of claims 1 to 6. further 
comprising reference timing generating means 
(119) for generating a reference time to control the 
recording waveform, wherein a holding time of each 
recording energy level is approximately an integer 
multiple of the reference time or approximately a 
half-odd integer multiple of the reference time. 

11. An information recording method for recording data 
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by applying energy to a recording medium to form 
thereon local physical changes of the medium and 
form thereon a series of recording marks, wherein: 

in forming a predetermined recording mark s 
among a series of recording marks, a pattern of 
a preceding recording mark is discriminated, 
and in accordance with the discriminated 
result, at least two recording waveforms are 
generated relative to the recording mark to be 10 
formed or a space between the recording mark 
and an immediately preceding recording mark. 

12. An information recording apparatus for recording 
data by applying energy to a recording medium to is 
form thereon local physical changes of the medium, 
comprising: 

a comparator forjudging whether a mark length 
of a mark immediately preceding a space in a 20 
recording waveform for applying energy is 
shortest or not; and 

a waveform encoder for changing the duration 
of a first period at a first level provided at the 
start of the space in accordance with an output 25 
from said comparator, the first period being fol- 
lowed by a second period at a second level 
higher than the first level. 

1 3- An information recording method for recording data 30 
by applying energy to a recording medium to form 
thereon local physical changes of the medium, 
comprising the steps of: 

judging whether a mark length of a mark imme- 35 
diately preceding a space in a recording wave- 
form for applying energy is shortest or not; and 
if shortest, setting a duration of a first period at 
a first level provided at the start of the space to 
Tb1. whereas if not shortest, setting the first 40 
period longer than Tb1. the first period being 
followed by a second period at a second level 
higher than the first level. 

45 
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